Introduction
The questions about the nature and origin of the Variscan (Carboniferous-Permian) granitoid magmatism in Bulgarian territory have long been debated and here we present three groups of granitoids belonging to this event. The first one represents granitoid plutons in the external Balkanides (Stara Planina Ca-alkaline Formation; Dimitrov, 1946) , which are best exposed in the Western Stara Planina. They were intruded in nonmetamorphosed sedimentary country rocks. Their ages are in the range between 311.9 ± 4.1 (St. Nikola pluton) and 304.6 ± 4.0 Ma (Petrohan pluton) (Carrigan et al., 2005) , or 314 ± 4.8 Ma for Vezen pluton (Kamenov et al., 2002) . These granitoids are correlated with the Variscan granitoids from West Europe (Dimitrov, 1946; Jaranoff, 1969) .
The second group includes the granitoids from the intermediate Balkanides (Sredna Gora Zone). They are subdivided into three suites of magma emplacement (Zagorchev et al., 1973) . The first and presumably oldest intrusive suite consists primarily of biotite-bearing granites and hornblende-bearing granodiorites. Granitoids of this suite are strikingly similar to the granitoids exposed in the Western Stara Planina Mountains. The second and third intrusive suites consist of strongly peraluminous, twomica leucocratic granites. The Sredna Gora granites were intruded in high-grade, partly migmatized metamorphic rocks and their age ranges between 312.0 ± 5.4 Ma (Koprivshtitsa pluton) and 289.5 ± 7.8 (Strelcha pluton). The protolith age of the metamorphites is 616-595 Ма and the age of metamorphism is 336 Ма (Сarrigan et al., 2006) . Velichkova et al. (2001) reported data for a retrograde metamorphic event along shear zones in the range of 120-78 Ма.
The third group is represented by the granites in the Rhodope massif. They crop out in the cores of metamorphic domes (Arda, Byala Reka, and Kesebir) and differ in age: 300 ± 11 Ma in Arda (Peytcheva et al., 2004) ; 256 ± 27, 255 ± 2.6, 331 ± 8, and 296 ± 6.6 Ma in Byala Reka (Peytcheva et al., 1992 (Peytcheva et al., , 1995 , and 328 Ma in Kesebir (Peytcheva et al., 1998) . The main feature of granites from the Rhodope massif is that they were not uniformly metamorphosed (up to migmatization in the Arda dome) in Late Alpine time: 36.5 ± 0.5 Ma in Arda (Peytcheva et al., 2004) , 34.8 ± 0.8 and 35 ± 2 Ma in Byala Reka (Peytcheva, 1997) , and 35-36 Ma in Kesebir (Peytcheva et al., 1998) .
In this sense, the granitoids from Strandja can be attributed to the first group of granitoids.
The pre-Cretaceous metamorphic basement in SE Bulgaria and NW Turkey forms part of a major early Alpine orogeny known as the Strandja Zone (Chatalov, 1990) , Strandzhides (Gochev, 1991) , Strandja Massif (Okay et al., 2001; Sunal et al., 2006 Sunal et al., , 2008 Sunal et al., , 2011 Natal'in et al., 2012; etc.) , or Sakar-Strandja Zone (SSZ), constituting part of the internal Balkanides according to the tectonic subdivision of Bulgaria (Ivanov, 1998) (Figure 1a ). On the basis of structural, stratigraphic, and metamorphic criteria, Gerdjikov (2005) distinguished three rock complexes in the SSZ. They are, from top to bottom, the Veleka, Strandja, and Sakar units. The Veleka Unit is the most recently named unit in the Strandja Zone (Dabovski et al., 2002) , and it is also the least known. It comprises two stratigraphically and lithologically distinct entities: the Strandja allochthon (the allochthon of the Zabernovo nappe; Chatalov, 1990 ) and the phyllite-marble complex from the Dervent heights. According to Chatalov (1990) , the Zabernovo nappe is built of Strandja-type Triassic metamorphic rocks marking the Paleo-Tethyan suture. This view was unquestioningly used in a number of tectonic models (e.g., Şengör et. al., 1984) . It now appears that at least the subduction-accretion complex part of the Zabernovo nappe consists of Paleozoic rocks (Sergeeva et al., 1979; Boncheva and Chatalov, 1998; Lilov and Maliakov, 2001) . The continuation of the unit into the territory of Turkey is enigmatic.
The Strandja Unit consists of Variscan crystalline basement and granitoids (Okay et al., 2001; Sunal et al., 2006 Sunal et al., , 2008 Sunal et al., , 2011 Natal'in et al., 2012; etc.) , outcropping mostly onto Turkish territory. It is overlain by Late Permian to Middle Jurassic sediments and volcanic rocks (Figure 1b) . The data about the presence of older Cadomian metagranites (534.5 ± 4.7 and 546.0 ± 3.9 Ma) in the Strandja Massif were reported by Yilmaz Şahin et al. (2014) . It is noteworthy that the presence of highpressure rocks (eclogites) in the Strandja Zone has been only indicated in the Variscan gneisses from the eastern part of the Dervent heights (Dabovski et al., 1993) .
The basement includes a wide range of metamorphic and igneous rocks. Evaporation Pb-Pb ages of detrital zircons show that biotite schists constituting the central part of the metamorphic basement (on Turkish territory) were deposited later than 430 Ma and prior to 315 Ma. Biotite schists exposed along the southern boundary of the basement were deposited between 300 and 271 Ma (Sunal et al., 2008) while the Bt-Ms and Hbl-Bt orthogneisses have Carboniferous ages of 314.7 ± 2.6 Ma and 312.3 ± 1.7 Ma, respectively (Sunal et al., 2006) .
The metamorphic basement was intruded by Permian granites (245-271 Ma for Kirklareli granites) (Okay et al., 2001; Sunal et al., 2006) .
All pre-Cenomanian rocks have undergone one or more episodes of regional metamorphism. Furthermore, the Paleozoic basement rocks were involved in a pre-Triassic (pre-Permian?) regional metamorphic event but the exact timing of this event is disputed. Okay et al. (2001) suggested an early Permian age synchronous to the emplacement of the Kırklareli granites. Sunal et al. (2006 Sunal et al. ( , 2008 inferred that the Late Paleozoic deformation and metamorphism predated the granite emplacement. This metamorphic event affected only the pre-Permian basement, whereas the mid-Mesozoic regional metamorphism affected both the basement and the cover rocks. Both sequences underwent a greenschist to low-amphibolite (epidote-amphibolite) facies metamorphism in a compressional regime in Late Jurassic to Early Cretaceous time. The ages of peak or near-peak metamorphism are clustered between 157.7 ± 1.5 and 162.3 ± 1.6 Ma and subsequent cooling occurred diachronously between 153.9 ± 1.5 Ma and 134.4 ± 1.3 Ma (Sunal et. al., 2011) . Ar/Ar amphibole and white mica dating in the neighboring Sakar Zone yields ages ranging between 144 and 136 Ma, constraining the age of the main tectonic event (Neubauer et al., 2010) .
Variscan granites in the Strandja unit have two ages: "older" in the range of 308-315 Ma (Carboniferous) and "younger" (Carboniferous -Permian) in the range of 309-257 Ma (Okay et al., 2001; Sunal et al., 2006; Natal'in et al., 2012) . Evidence about the presence of younger granites (249.4 ± 1.5) in Strandja was given by Yilmaz Şahin et al. (2012) .
The metamorphic basement of the Sakar Unit is divided in two stratigraphic units (Gerdjikov, 2005) : the volcanoterrigenous complex (Upper Permian?) and the Topolovgrad Group (Lower-Middle Triassic; Chatalov, 1990) . Both units were regarded as a coherent section by Ivanov et al. (2001) . In terms of metamorphism and synmetamorphic fabric, the Sakar Unit is more similar to the adjacent Rhodope Zone (for further information, see Gerdjikov, 2005) .
From a general tectonic point of view, the position of the Strandja Massif in the Alpine orogen of Bulgaria has been long discussed (Chatalov, 1990; Natal'in et al., 2012 and references there). All concepts can be generalized as follows: 1) the Strandja Massif is a part of the Rhodope-Pontide continental fragment originating from Gondwanaland (Şengör, 1984; Şengör et al., 1984; Sunal et. al., 2008) and collided with Eurasia in the TriassicEarly Jurassic (Cimmerian orogeny) and formed the Paleo-Tethyan suture (Şengör, 1984; Şengör et al., 1984) ; 2) the Strandja Massif is a part of Eurasia (Ustaömer and Robertson, 1993) , i.e. prior to the Late Paleozoic the Rhodope-Pontide fragments belonged to Eurasia. These two initial models imply that the magmatic activity of the Strandja Massif during the Late Paleozoic-Triassic occurred in arc and back-arc tectonic settings. 3) The Strandja Massif is a part of the European Variscan orogen, (Yanev, 2000) . The aim of this paper is to provide new data about the petrology and age of two granitic bodies outcropping in the Bulgarian part of the Strandja Massif close to the Turkish border and to highlight the problem of Variscan magmatism in this part of SE Bulgaria.
Geological setting
Traditionally in the Bulgarian geological literature, highgrade metamorphic rocks of the Strandja Massif have been correlated with those from the Rhodope massif, i.e. they are considered to be of Precambrian age (Chatalov et al., 1995 and references there). According to this assumption, they were described as different types of migmatites (banded or porphyroblastic), two-mica gneisses, leucocratic gneisses, marbles, and paraamphibolites in irregular alternation. They are shown in Figure 1b as Variscan basement on the basis of published geochronological data on Turkish territory (Okay et al., 2001; Sunal et al., 2006 Sunal et al., , 2008 Sunal et al., , 2011 Natal'in et al., 2012; etc.) and our investigations. Without any personal geochronological data, Gerdjikov (2005) assumed a Hercynian age for these rocks, too.
The large granitic intrusions in the massif were interpreted as postmetamorphic (regarding the Precambrian metamorphism) and of Variscan age according to the traditional concept for Precambrian age of the host rocks (Chatalov et. al., 1995) .
Our field studies were focused on the high-grade metamorphic rocks (Locality 1 in Figure 1b ) and on the adjacent Variscan granites (Locality 2, respectively). In this particular part of the Strandja Massif the metamorphic rocks from Locality 1 are represented by two-mica gneisses, Ms-schists, leucocratic gneisses, and paraamphibolites ( Figure 2a) . All of the rocks in the locality are strongly weathered; hence, the sampling is difficult. The amphibolites are dark green in color, strongly foliated, and composed of plagioclase, epidote, bluegreen amphibole, quartz, and rare biotite without garnet. Ms-schists are fine-grained and foliated. Quartz is the dominant mineral and under a microscope they are seen as strongly elongated bands consisting of fine grains with undulose extinction. The white mica is the next mineral whose grains form bands parallel to the quartz ones, i.e. they form the foliation of the rocks. Less commonly, big (up to 1 mm) idiomorphic plagioclase grains oriented with the long axes parallel to foliation are also observed. They are replaced by sericite and epidote and they look like remnants from the protolithic rocks.
The two-mica gneisses contain micas (biotite and muscovite), quartz, and rare plagioclase. They are foliated to the same extent as the other metamorphic rocks in the area. On the basis of the equilibrium mineral assemblages, we can conclude that the grade of metamorphism does not exceed low-amphibolite facies (epidote-amphibolite). Our investigations show that the dominant part of the previously described as biotite gneisses (Chatalov et al., 1995) in fact represents deformed and metamorphosed granites (metagranites) (Figure 2b ). Because of the high vegetation, contacts between gneisses and metagranites are rarely observed. Therefore, detailed geological mapping in the area is impossible. In the places where contacts are exposed, they are sharp but always concordant, i.e. the foliations in metagranites and in the neighbor rocks are parallel. The whole complex is ubiquitously intruded by younger (Upper Cretaceous) intrusive and volcanic rocks of basic and intermediate composition or by relatively large intrusive bodies: the gabbro intrusion in the area of Zelyazkovo village. For this gabbro without geochronological data, Kamenov (1976) suggested a Paleozoic age according to assigned Precambrian age for the host rocks.
Before the study presented here, metamorphic rocks of the region were not the subjects of any age determinations, regardless of the information about their possible Cambrian age (Savov, 1979) .
The Variscan granites (Locality 2) cover large areas in the SE and E of Golyamo Bukovo and Granichar villages and in Turkey (Figure 1b ). They are represented by magmatic rocks of mainly granitic composition and were described as Central Strandja batholith (Chatalov et. al., 1995) . We named the southern part of the batholith Fakiya granite, which can be correlated with the Kula granites that crop out across a wide area on the Turkish border. The contacts with the metamorphic rocks are sharp and intrusive and the endocontact zones are enriched by xenoliths from the host rocks. The granites are covered by Triassic sediments or Upper Cretaceous volcanosedimentary sequences. The outcrops of the granites are very scarce. They are gray in color with pinkish potassium feldspar and massive structure, and they are commonly crosscut by melanocratic dykes of Late Cretaceous age. Along shear zones the granites are foliated (Figure 2c ), but these zones are not common.
Previously there was no dating study on the Fakiya granite, but its equivalent Kula granite was dated as 271 ± 11 Ma (Okay et al., 2011) . 
Analytical methods
The content of major chemical elements in the studied rocks was determined by wet chemical analysis. The REEs and other elements were measured in glass pellets by LA-ICP-MS technique using results from the wet analysis as the internal standard. The pellets were prepared by melting at 1050 °C of a homogeneous mixture of powdered rocks and Li 2 B 4 O 7 in the proportion of 1:4.
Zircons from the granites were analyzed by LA-ICP-MS technique using a PerkinElmer ELAN DRC quadrupole ICP-MS connected to the NWR/ESI UP-193FX ArF excimer laser ablation system with a homogenized laser beam on the sample surface. The selected zircon grains were mounted in epoxy, striped to their middle, and finely polished. Cathodoluminescence (CL) and backscattered electron (BSE) imaging of the selected zircon set was performed prior to the mass spectrometry measurements. The main parameters of the LA-ICP-MS instrument's set-up are given in Table 1 . The machine was calibrated and optimized to the proper U-Pb ratios at high signal sensitivity level by repeated measurements of GJ-1 natural zircon standard ( Jackson et al., 2004) . Another widely used natural zircon reference material in LA-ICP-MS geochronology (Plesovice) was adopted for data verification purposes. Each five sampled unknowns were bracketed by two standard measurements from GJ-1, performed under the same analytical conditions. The offline data reduction code 'Iolite' (Paton et al., 2003) was implemented for calculation and correction of the measured U-Pb ratios before the final age estimation procedure performed by the Isoplot toolkit (Ludwig et al., 2003) .
Petrology

Metagranites (L1)
The metagranites crop out mainly in the Fakiyska River valley between the villages of Fakiya and Gorno Yabalkovo. They are deformed and foliated rocks consisting of plagioclase, biotite, quartz, scarce potassium feldspar, and accessories. The most deformed parts are converted into typical S-C mylonites. In this case, white mica appears as a second sheet silicate in the rocks.
Plagioclase is the predominant mineral (»50%), being represented by coarse idiomorphic grains twinned after Albite and Carlsbad laws. It shows features typical for deformation during the submagmatic stage in the sense of Bouchez et al. (1992) : the crystals are cracked and the cracks are filled with "clear" fine-grained quartz without undulose extinction (Figure 3a ). In the weakly deformed domains the plagioclase grains are rounded, rotated, and partly recrystallized due to formation of subgrains ( Figure  3b ). In the strongly deformed and mylonitized parts, the plagioclase is completely recrystallized and forms the rock matrix together with quartz. Needle-shaped inclusions of apatite are abundant in the plagioclase.
The quartz is completely recrystallized and forms ribbons of fine irregular grains floating around the plagioclase clasts. The big clasts in the mylonitic parts show a chessboard pattern, e.g., evidence for high temperature deformation during the magmatic stage (Kruhl, 1996) (Figure 3c ).
The potassium feldspar is rare. It is observed as single idiomorphic microperthitic grains with Carlsbad twins forming the porphyritic texture of the granites. They contain plagioclase and rare biotite inclusions orientated with their long axes parallel to the faces of the host potassium feldspar. In the mylonites the porphyroclasts are orientated parallel to the foliation with well-developed pressure shadows filled with recrystallized fine-grained quartz.
The biotite is brown to yellow and is partly recrystallized. The new grains are small and in the weakly deformed domains they form short bands orientated parallel to the foliation. Sometimes the biotite forms typical folia wrapping around plagioclase and K-feldspar. The primary magmatic biotite is preserved as relatively coarse grains in the space between the big plagioclase clasts. In the strongly deformed domains (S-C mylonite), the biotite forms thin bands and forms the foliation plane together with white mica.
The accessories except zircon comprise opaque, large (up to 3 mm) allanite and apatite.
Fakiya granites (L2)
The granites from L2 are coarse-grained to porphyritic, having massive structure. The rocks show poor indications of ductile deformation.
Plagioclase is the predominant mineral, forming relatively big idiomorphic grains with albite-type twins. They are almost completely replaced by fine-grained white mica (sericite) and rare epidote grains (Figure 3d ). The alteration of plagioclase has also affected grains included in potassium feldspar.
The potassium feldspar (microcline) is observed as two structural types of crystals. The first is represented by large idiomorphic phenocrysts with perthitic texture rich in inclusions of plagioclase, biotite, hornblende, and sphene ( Figure 3e ). The second occurs as small xenomorphic grains in the rock matrix. The microcline lattice is better developed in those grains.
Biotite is the dominant mafic mineral, forming large idiomorphic grains, which are fully replaced by chlorite, ore mineral, epidote, and white mica.
Hornblende is the second mafic mineral in subordinate amounts relative to the biotite. It occurs as idiomorphic grains in the rock matrix or inclusions in potassium feldspar megacrysts. The hornblende crystals are partially replaced by chlorite.
The quartz is xenomorphic, showing undulose extinction and a chessboard pattern (Figure 3f) .
Epidote is the most abundant secondary mineral, being a replacement product after biotite or forming single grains in the rock matrix as short bands and lenses. The accessories include sphene, apatite, and ore mineral.
Zircon morphology
The zircons in L1 granites are observed as two different morphological types. The first is represented by idiomorphic elongated grains with well-developed dipyramids with length/width ratio reaching 4:1. They have "simple" zonation in the CL images: oscillatory zoned core (central part of the crystal, not inherited core) and relatively homogeneous rim. The second type of zircons is partly "rounded" and the length/width ratio of the crystals is less than 2:1. They have more complicated CL zonation: the core and rim are oscillatory zoned and in many cases the zones in the core are oblique to those in the rim (Figure 4) . No inherited cores are observed. Scarce apatite inclusions occur in both of the two zircon types. On the other hand, zircon is observed as inclusions in the rims of K-feldspar grains.
The zircons in L2 granites form elongated idiomorphic grains with length/width ratio of about 4:2. They are clear and pinkish-brownish in color. No inherited cores are observed in the BSE and CL images. The zircons have relatively large homogeneous cores (central part of the crystal) and rims with concentric compositional zoning represented by thin dark and light bands ( Figure 5 ). The inclusions comprise idiomorphic apatite and drop-like quartz.
Geochemistry
For geochemical characterization of the rocks, three wet chemical and LA-ICP-MS analyses from each granite type were performed. Despite the limited number of analyses, some trends can be established as follows.
Metagranites (L1)
The rocks from this locality contain SiO 2 in a narrow range between 66% and 67% and on the basis of their normative composition they correspond to monzogranites ( Lyubetskaya and Korenaga, 2007) show a regular decrease of the enrichment factor with increasing compatibility of the elements. They are also characterized by negative anomalies of Th, Nb, Sm, and Ti and positive anomalies of Sr, Eu, and Yb (Figure 6 ). The REE distribution pattern in general is characteristic for acid magmatic rocks with LREE enrichment and La N /Lu N ratios of 16.47-30.84. A specific feature of the rocks from this locality is the positive Eu anomaly related to the higher CaO content in the rocks in comparison with Fakiya granites. The distribution of HREEs is peculiar. After Eu the distribution trend has a negative slope down to Er, and after that it becomes positive (Figure 7) .
Fakiya granites (L2)
The L2 granites have similar geochemical features compared to the rocks from L1 but they show some differences as well. Despite the lower Al 2 O 3 content (15.38%-15.68%), they are normative corundum-bearing due to the higher K 2 O and lower CaO contents. The rocks are calc-alkaline and peraluminous with A/CNK of >1.0, and they have higher concentrations of some rare elements compared to the L1 granites (Table 2) . Nevertheless, the distribution patterns of these elements are similar with small differences when compared to the L1 granites due to positive Sr anomaly (Figure 6 ). The REE distribution is characteristic for acid magmatic rocks with LREE enrichment and (La/Lu) N ratios of 17.85-30.86. The L2 granites have flat distribution of the HREEs without Eu anomaly (Figure 7 ).
Zircon chemistry, thermometry, and geochronology
The REEs and other measured element contents in zircons were determinate by LA-ICP-MS method. In this case, NIST-610 (Jochum et al., 2011) standard reference glass was used for calibration. The preliminary Si concentration in the studied zircon grains obtained by SEM (EDX) was implemented as the internal standard. The Iolite code (Paton et al., 2003) was implemented for calculation of the element contents (Table 3) .
The zircons from L1 granites contain HfO 2 in the range of 1.12%-1.62% and the Zr/Hf ratio is 34-52. and a narrow Nb concentration range from 1.0 to 2.76 ppm (Table 3 ). There are no significant differences in these parameters between the dark and light zones in the CL images (Figure 4) . The REE distribution pattern is typical for zircons of magmatic origin (Hoskin and Schaltegger, 2003) : positive Ce anomaly, weakly negative Eu anomaly (Eu/Eu* = 0.07-0.19), and strong enrichment in HREEs (Figure 8 ). The (Lu) N values obtained from these zircons (where N denotes the normalized to chondrite values of Haskin et al., 1968) range from 300 to 1900. Figure 8 shows that the dark zones are enriched in REEs (400-700 ppm vs. 90-264 ppm in the light zones) in general and especially in LREEs. Therefore, in these zones, La was dominantly analyzed in concentrations above the detection limit of the LA-ICP-MS facility. The zircons from L2 granites contain variable Pb (135-696 ppm), Th (89-419 ppm), and U (276-591 ppm) and a relatively narrow range of Th/Pb ratios (0.45-0.79), with Nb amount of 1.37-1.68 ppm and Zr/Hf ratio of 38-46 (Table 3 ). There are no considerable differences in these values between the cores (homogeneous part of the crystals in the CL image) and the rims. The cores have higher concentrations of REEs (300-644 ppm) compared to those in the rims (271-573 ppm) as shown in Table 3 but the rims are relatively enriched in LREEs (Figure 9) . Nevertheless, La is in amounts below the detection limit in both core and rim zones. The chondrite-normalized REE patterns are similar to these of the L1 granites. The zircons from the L2 granites also have positive Ce anomaly, negative Eu anomaly (Eu/Eu* = 0.09-0.26), (Lu) N in the range of 758-1570, and Y of 304-782 ppm, and they resemble the zircons from other granitoids described in the literature (Hoskin and Ireland, 2000) .
The chemical characteristics of the analyzed zircons Table 3 . Representative analyses of the zircons from L1 and L2 granites.
Sample L1 Granites (relatively low Pb, U, and Th contents and negative Eu anomaly) are very similar to the zircons obtained from I-type granites (Wang et al., 2012) . Their significant similarities make impossible any explicit conclusions about differences in the magma sources for both L1 and L2 granites. On the other hand, the estimated chondritenormalized REE distribution patterns in the studied zircons greatly differ from the REE distribution patterns in zircons from granitoids of orogenic origin obtained by Belousova et al. (2002) .
To determine the temperature of crystallization of the studied granites, two independent methods were used: zircon saturation thermometry (T Zr ) and Ti-inzircon thermometry. T Zr (Watson and Harrison, 1983) defines a hypothetical stage in the evolution of a given melt at which zirconium saturation is achieved and zircon crystallization begins. Implicit to this approach is that whole-rock major and trace element concentrations accurately approximate the melt composition at the time of zircon crystallization, which is difficult to demonstrate except under favorable circumstances (Kemp et al., 2005) . Ti-in-zircon thermometry, on the other hand, provides a more direct approach to quantify ambient temperatures of zircon crystallization (Watson et al., 2006b ). To apply the T Zr method to both granites, we used Zr concentrations in the zircon and in the rocks obtained by LA-ICP-MS. Zr concentrations vary from 73.92 to 81.36 ppm with an average value of 78.83 ppm in the L1 metagranites and from 135.54 to 149.04 ppm (average: 143.9 ppm) in the L2 granites. In any case, we used analyses of the cores (homogeneous in the CL images of the central part of the crystals). Zircon saturation temperatures (Watson and Harrison, 1983) calculated from bulk rock compositions for the L1 samples ranged from 730 to 745 °C and in the L2 samples they revealed slightly higher temperatures (788-811 °C). If the melts produced for crystallization of both granite types were undersaturated in zirconium, as indicated by the general lack of zircon inheritance, these temperatures should be the minimum temperature that prevailed during crystal growth. The lack of older inherited cores and small zircon crystals in both types of studied granites (L1 and L2) could be a result of dissolution of smaller crystals in a melt. Dissolution of zircon would increase zircon saturation of the melt and promote formation of overgrowth on larger grains via Oswald ripening (Nemchin et al., 2001) . Ti content in the zircon is insensitive to pressure but it has a strong dependence on temperature (Watson et al., 2006b ) and therefore can be used as a geothermometer. To apply this method, we used the Ti concentration in the zircons obtained by LA-ICP-MS. In the zircons from L1 granites, Ti content ranges from 2.5 to 12.8 ppm without significant variations in concentrations between the dark and light zones (Table 3 ). The L2 zircons are depleted in Ti at 3.02-5.08 ppm (once again, no differences between homogeneous cores and rims). The temperatures calculated by Ti-in-zircon thermometry (Watson et al., 2006a (Watson et al., , 2006b ) are lower than those obtained by T Zr (713 ± 30 °C for L1 granites and 675 ± 8 °C for L2). Despite the higher range of temperature values for the L1 granites, they are comparable to those for the L2 granites. Surprisingly lower Ti-in-zircon temperatures in magmatic and metamorphic rocks have been observed by many authors (Fu et al., 2008; Bolhar et al., 2012; Ewing et al., 2013, etc.) but no simple explanation has been provided for this phenomenon. One of the explanations is related to the accuracy of the LA-ICP-MS analyses since the Ti concentration in zircon is close to the detection limit of the facility. Zircon in a cooling magma grows over a wide range of temperatures that begin at TiO 2 activity of >0.5, and it is estimated that the Ti-in-zircon thermometer underestimates temperatures at more than 70 °C if a TiO2 is unknown (Ferry and Watson, 2007) . For this reason, we assume that the Zr saturation temperatures represent the starting temperatures of zircon crystallization, and the Ti-in-zircon values are due to later stages of this process.
Isotopic values and calculated ages are presented in Tables 4 and 5 . Eighteen zircon grains from L1 granite were analyzed (both core and rim) and they give a precise Concordia age of 301.9 ± 1.1 Ma (Figure 10a ). The obtained 206 Pb/ 238 U ages are in the range of 293.5 ± 6.9 to 310 ± 6.1 Ma (weighted mean: 302.5 ± 2.1; Figure  10b ). The L2 granites (19 zircon grains) give a slightly younger Concordia age of 293.5 ± 1.7 Ma (Figure 11a Figure 11b ). There are no age differences between cores and rims. Considering the high isotopic closure temperature of zircon (above 900 °C) for U and Pb (Cherniak and Watson, 2001) , the zircon ages from both granite types should represent magmatic crystallization ages of the plutons and indicate that the granites have intruded the gneiss basement during the Late Carboniferous-Early Permian.
Discussion and conclusions
Our study does not confirm the presence of Precambrian rocks in the study area as was stated by Chatalov et al. (1995) . The age of the L1 granites is close to the age of Variscan metamorphism and deformation (Okay et al., 2001 ) since they are strongly affected by that. This age (301.9 ± 1.1 Ma) is younger that those obtained by Sunal et al. (2006) for the host orthogneisses (314.7 ± 2.6 and 312.3 ± 1.7 Ma). Thus, we can interpret the L1 granite as syntectonic. Their crystallization was accompanied by high-temperature liquid-state deformation followed by low-temperature solid-state deformation. According to the type of oscillatory zoning in the zircon (Erdman et al., 2013) and the lack of pegmatite and aplite veins, the magma most likely was volatile-undersaturated. The features of L1 granites (negative anomalies of Th, Nb, and Sm) and the absence of inherited zircons suggest a subduction-related magmatic arc origin for the granites. The melting, magma generation, and granite emplacement have continued after the peak of metamorphism and deformation causing the formation of L2 granites. The second magma pulse had different composition; the magma was volatile-saturated in the sense of Erdman et al. (2013) , resulting in crystallization of large homogeneous cores of the zircon. The L2 granites have intruded in the later stage of metamorphism and deformation of the host rocks; they are partly and poorly deformed. The obtained data differ from the results of Okay et al. (2001) since they show older ages of the granitic magmatism in the Strandja Massif. The differences in ages obtained for the Kula granite (271 ± 2 Ma by Okay et al., 2001 vs. 293 .5 ± 1.7 Ma in this study) might be due to the inhomogeneity of the pluton. It was probably formed by several different magma pulses that differ in age but are close to the age of metamorphism of the host rocks. This assumption requires further petrological and isotopic investigations to be confirmed. In this sense, the L2 granite could be rather interpreted as postmetamorphic.
The Late Jurassic metamorphism under green schistfacies conditions (Chatalov, 1988 (Chatalov, , 1990 Okay et al., 2001) is manifested by the above described alterations in the L2 granites.
Unlike in the Strandja Massif, many granitic intrusions of this age in Bulgaria are not metamorphosed and crosscut the metamorphic fabric of the country rocks. There, the age of the regional metamorphism in Sredna Gora Zone is constrained to be 336 Ma (Carrigan et al., 2006) , but in Strandja it postdated the emplacements of metagranites that are 312 Ma old (Okay et al. 2001) . This difference in ages is difficult to reconcile with the Variscan collision common to the European Hercynides and thus we support the assumption of Natal'in and Şengör (2005) and Natal'in et al. Table 1 ).
shows remarkable similarities with the late Paleozoic-early Mesozoic Silk Road arc evolving on the southern margin of Eurasia due to the northward subduction of the PaleoTethys, i.e. the Strandja Massif is a fragment of the longlived Ordovician-Triassic magmatic arc, which evolved on the northern side of the Paleo-Tethys (Natal'in et al., 2012) .
